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SUMMARY

In order to obtain information on the effects of blade plan form
on the near-field noise of propellers, a series of measurements have
been made of the oscillating pressures near & tapered-blade-plan-form
propeller at flight Mach numbers up to 0.72. Flight Mach number, power,
and engine speed were controlled in an sttempt to duplicate the condi-
tions of the flight investigation reported in NACA Technical Note 3417,
where osclllating pressures were measured near a rectangular-blede-plan-
form propeller.

The tapered-blade propeller produced lower sound-pressure levels
then the rectangulasr-blade propeller for the low blade-passage harmonics
(frequencies where structural considerations are important) and produced
higher sound-pressure levels for the higher blade-passage harmonics
(frequencies where passenger comfort is important).

The effects of flight Mach number on the osclllating pressures pro-
duced by the tapered-blade propeller are the same as were found for the
rectangular-blade propeller of NACA Technical Note 3417. The lower blade-
passage harmonics tend to decrease slowly with increase in flight Mach
numbers up to approximately 0.5 and then to increase repidly at higher
Mach numbers. The sound-pressure levele of the higher harmonics of the
propeller noise increase at a higher rate than do the lower harmonics with
increase in flight number.

Relatively small changes in noise levels are observed for large
changes in power settings at the design speed, flight Mach number of 0.5,
of the propeller. This observation and the results of the calculations
made in United Aircraft Corporation Research Department Report R-0896-2
indicate that effects other than blade loadlng noise, such as thickness
noise, are producing nolse levels of at least the same magnitude as the
blade loading noise.

At speeds above a flight Mach number of 0.5, the propeller is oper-
ating above the design speed. The effect of this off-design condition in
the present investigation would be to overemphaslze the thickness noise
relative to the blade loading noise that would normally be found in e
propeller designed to operate st these higher speeds.
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INTRODUCTION

In order to extend the information avallable on the near-field noise
generated by propellers, a series of investigatlons have been made by
using a fighter-type airplane equipped with instrumentation suitable for
measuring the oscillating pressures near the propeller tips in flight.

The initial investigation (reported in ref. 1) was made to check the
theory for forward-speed effects on near-field noise (ref. 2) which had
not been verified at high forward speeds because of lack of suitable
inflight measurements. Although 1t was possible to verify a few general
results of the theory in the initiel investigation, e need for further
investlgations into other parameters affecting propeller noise was
indicated.

The present lnvestigation was made primarily to obtain information on
the effects of blade plan form on the oscillgking pressgures near the pro-
peller at various forward speeds, power, and engine speed. The ssme air-
plane and equipment of reference 1 were used except that the rectangular-
blade-plar-form propeller was changed to a tapered-blade-plan-form
propeller, end measurements were made of the oscillating pressures near
the propeller.

SYMBOLS
b blade width, ft
cy section design 1lift coefficlent
D propeller dismeter, £t
h ) blade thickness, ft
Mo flight Mach number : -
My helical tip Mach muber, \[M 2 + Mg2
Mg rotational tip Mach number
N engine speed, rpml
P power absorbed by propeller, hp

D root mean square of oscilliating pressure, lb/sq ft
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P, static pressure, 1b/sq ft

R propeller tip radius, ft

r radius to a blade element, £t

T thrust of propeller, 1b

to free-air temperature, Op

v alrspeed, ft/sec

x longitudinal position of microphone, measured positive
forward of propeller disk, ft

Yy radisl position of microphone, measured from propeller
center, ft

B section blade angle, deg

TEST EQUIPMENT

The equipment used in the present investigation was the same as
that used in reference 1 except four tapered blades replaced the four
rectangular blades used in reference 1. The difference in the propeller
blade shapes is shown 1n the photographs of the two propellers mounted
on the test alrplane. Figure 1(a) shows the tapered blade of the present
investigation, and figure 1(b) shows the rectangular blade used in ref-
erence 1. The characteristics of the two blade designs are shown in
figures 2(a) and 2(b), respectively. Both propellers had a diameter of
11 feet 2 inches and were driven through a 0.479:1 engine to propeller
reduction gear.

The oscillating pressure pickup used was & Western Electric
condenser-type microphone modified to operate under the rapldly varying
static pressures encountered in the tests. A frequency-modulation system
was used to transmit the pressure signals to a ground-located station
where the signsls were recorded with a magnetic-tape recorder. A com-
plete description of the pickup, transmitter, receilver, and asnalyzer
equipment is contained 1in reference 3.

The microphone was installed in a boom mounted in the center gunport
of the right wing. This location placed the microphone at a radial dis-
tance of 7,31 feet from the propeller axis. The boom was constructed in
such a manner that the microphone could be shifted forward and backward
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through a distance of approximately 4 feet for adjustment before each
flight. Figures 1l(a) and 1(b) show the microphone-boom instellation.

Before the start of the flight test program, the boom was tested in
a wind tunnel to check for background noise over the anticipated flight
speed range. It was found that the self-generated overall noise level
of the microphone in the band width 80 to 1,000 cps was below 113 deci-
bels. This level of self-generated random nolse is considered acceptable
in the measurement of sound-pressure levels as low as 100 decibels for
discrete frequencies.

The response of the system used was flat within +1 decibel between
80 and 1,000 cps.

Standard NACA recording instruments were used to record dynamic
pressure, gltitude, free—air temperature, engine gpeed, and manifold
pressure,

TEST PROCEDURE

All static ground runs and flight tests were made with the micro-
phone located at a fixed radial distance of y = 0.655D. Tests were made
at three values of longitudinal distance x = -0.125D, O, end 0.125D.
Flight tests were arrenged to investigate the following effects on pro-
peller noige: . ) :

(1) Flight Mach number: At englne speeds of approximately 2,700 rpm
and the manifold pressure adjusted to produce a constant power output of
approximately 1,000 horsepower, flight tests were made at flight Mach
numbers from approximately 0.2 to 0.7 by varying the flight attitude.
Static ground runs were alsoc made at the same power and engine speed

setting.

(2) Engine (rotationsl Mach number): At spproximstely M, = 0.5
and engine output of approximately 1,000 horsepower, runs were made at
engine speeds of approximstely 2,500, 2,600, 2 700 2,800, 2,900, and
3,000 rpm. . -

(3) Engine power: At approximetely M, = 0.5 and engine speeds at
approximately 2,700 rpm, runs were made at engline powers of spproximately
0, 500, 1,000, and 1,500 horsepower.

RESULTS AND DISCUSSION

In order to show the effects of blade plan form on propeller noise;
the present results, made with tapered-plan-form blades, are compared
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with the results obtalned from the first series of tests, made with
rectangular-plan-form blades, reported in reference 1. Because of the
necesslty of making separate flights in both sets of tests, it was
impossible to repeat test conditions exactly. All test conditlions are
glven in tables I and II for the present investigation and the investi-~
gation of reference 1, respectively. The data used for the figures in
the present report are indicsted in the tables. In the discussion, the
small differences in test conditions are disregarded.

In this report the root-mean-square oscillating pressures are given
in decibels; the relation between decibels and pressures in pounds per
square foot is as follows:

Decibels = 20 log —O%R_
0.0002

The effects of propeller blade plan form are shown as & series of
figures comparing noise emitted from the two propellers tested with
changes in operating parameters of Mach number, engine speed (rotational
Mach number), and power.

Effects of Flight Mach Number

The effects of flight Mach number at the three axial microphone
locations are shown in figure 3. A trend is shown for the lower blade-
passage harmonics of both blade designs to decrease slowly in sound-
pressure level: as the flight Mach number increases to approximately 0.5
and to increase rapidly with further increase in flight Mach number. For
the lower blade-passage harmonics the tapered-blade design shows lower
gound-pressure levels than the rectangular-blade degign.

The higher harmonics show & slight increase in sound-pressure level
for both blade designs up to spproximately M, = 0.5 with raplid increases
for higher flight Mach numbers. Above M, = 0.5 the tapered-blade design
shows a more rapid increase in sound-pressure levels with Mach number than
the rectangular-blade design. This trend, which is more pronounced for
the higher harmonics, produces higher sound-pressure levels in the higher
harmonic range for the tapered-blade design than for the rectangular-
blade design.

Effects of Engine Speed (Rotational Mach Number)

The effects of changing the engine speed (rotationasl Mach number)
on the sound-pressure levels of the tapered-blade design at a constant
forward Mach number and power are shown in figure 4. The increase in
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oscillating pressures with rotational Mach number for the first harmonic
is relatively small; whereas, the increage for the higher harmonics
becomes increagingly greater.

Figures 5(a) and 5(b) show the similarity of the effects of flight
Mach number and rotational Msch number. Data for figure 5(a) were
obtained at a flight Mach number of approximately 0.5 and an engine speed
of 2,900 rpm. Data for figure 5(b) were obtained at a flight Mach number
of approximately 0.6 and an engine speed of 2,700 rpm. The resultant
Mach number for both conditions is approximately 0.95. The similarity
of the two figures shows that in the range of the two conditions the
effects of increases in flight Mach number are the same ag increases in
rotational speeds. :

Effects of Engine Power

The effects of engine power delivered to the tapered-blade propeller
on the noise emitted from the propeller are shown in figure 6 for the
three axial mlerophone locations. These tests were not conducted on the
rectangular-blade propeller. The relatively small change in noise level
with large changes in power displayed by the tepered-blade propeller
seems to indicate that the propeller is also producing thickness noise of
at leagt the same order of magnitude as the loading nolse.

The power delivered to the propeller 1s seen to affect the noise
emitted by the order of 6 decibels. This order of megnitude is far less
than would be expected by consideration of only the blade loading noise
as done in reference 2, However, calculations of thickness noise made
in reference 4 show that the megnitude of the thickness noise, for the
rectangular-blade propeller of reference 1 operating under the same
flight conditions shown for figure 6, are within 6 decibels of the blade
loading noise.

It should be noted that the propellers used in the present investi-
gation and the one of reference 1 are designed for a flight Mach number
of 0.5. At speeds above the design condition the outer portions of the
blades tend to unload. Also, for a given horsepower input, the average
thrust necessarily drops in proportion to the forwerd-speed lncresse.
The combination of these two factors and the near location of the micro-
phone to the tip would cause the results found in the present investigs-
tion and reference 1 to overemphssize the thickness noise in comparison
to the loading noise in the higher speed conditions. This may be, in
part, the reason that the results of the present investigation and those
of reference 1 do not completely substantiate the theory of reference 2.
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CONCLUDING REMARKS

In order to obtain informstion on the effects of blade plan form on
the near-field noise of propellers, a series of measurements were made of
the oscillating pressures in the vicinity of a propeller with tapered-blade
plan form at flight Mach numbers up to 0.72. The measurements are compared
with the results of the tests conducted with the rectangular-blede-plan-
form propeller reported in NACA Technicsl Note 3417. Measurements were
made at a single radial station and at positions shead of, in the plane of,
and behind the propeller disk. The present tests were conducted at various
forward speeds, engine speeds, and power settings to investigate the
effects of these parameters.

The tapered-blade-plan-form propeller produced lower sound-pressure
levels than the rectangular-blade-plan-form propeller for the low blade-
passage harmonics (the frequencies where structural considerations are
important) and produced higher sound-pressure levels for the higher blade-
pessage harmonics (frequencies where passenger comfort is important).

The effects of flight Mach number on the osclllating pressures pro-
duced by the tapered-blade propeller are the same as were found for the
rectangular-blade propeller of NACA Technical Note 3417. The lower blade-
passage harmonics tend to decreasse slowly with lncrease in flight Mach
numbers up to a Mach number of approximately 0.5 and then to increase
rapldly at higher Mach numbers. The sound-pressure levels of the higher
harmonics of the propeller noise increase at a higher rate than those for
the lower harmonics with increase in flight Mach number.

The relatively small change in the nolse level with large changes in
power settings st the design speed of the propeller indicates that the
propeller is also producing thickness noise of at least the same order of
megnitude as the losding noise. This is in agreement with the calculation
made in United Aircraft Corporation Research Department Report R-0896-2
for the rectangular-blade-design propeller of NACA Technical Note 3417.

At £light Mach numbers above 0.5, the results of the present investi-
gation and of NACA Technical Note 3417 are for propellers operating above
the design speed condition. The effect of this off-design condition would _
be to overemphasize the thickness noise relative to the loading noise that
would normelly be found in a propeller desligned to operate at these higher
speeds.

Langley Aeronsutical Leboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., May 15, 1957.
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Figure l.- Front view of the microphone installation showing the propeller-blade shape.
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Figure 1.- Concluded.
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